2,4,6-TrichlorophenoI (TCP) has been found in drinking water as a result of its use as a fungicide and due to its inadvertent production in the water purification process. This study was conducted since information on the toxicity from repeated ingestion was inadequate. Male and female Sprague-Dawley rats were gavaged with TCP administered in corn oil (2 ml/kg body weight) for 90 consecutive days at dose levelsof 0,80,240, and 720 mg/kg per day. Treatment-related effects were observed at the highest dose (720 mglkglday) and consisted of salivation, urine stains on thle fur, increase in absolute and relative weights of the kidneys, liver, adrenal glands, and testes. At this dose, increases were seen in serum protein, albumin, and alanine aminotransferase (ALT), with a decrease in urinary pH. Some effects observed at 240 mg/kg per day were an increase in the absolute and relative weights of the liver and adrenal glands in females, relative liver weights in males, and an increase in serum albumin in males. No treatment-related effects were observed at 80 mg/kg per day. No mortality or significant effects were observed at any dose level for bod,y weight, food consumption, ophthalmic lesions, hematology, gross pathology, or histopathology .
INTRODUCTION
,4,6-,rRICHLOROPHENOL ( K P ) (CAS No. 88-06-2) has been used as a fungicide.'" to preserve wood and glue 2 and to protect textiles against mildew.'" in hospitals as a bactericide, and in the leather tanning and finishing industry.'" Production of TCP was discontinued in 1975 by the only U.S. manufacturer due to the high cost of removing 2,3,7.8-tetrachlorodibenzo( p)dioxin from the final commercial product.'" It was marketed as Dowcide 2S, Omal. and Phenachlor.
In addition to contamination as the result of its commercial uses. TCP can be an inadLertent contaminant in ' nati, Ohio BERCZ drinking water, as it is produced in the water purification process. The interaction of hypochlorite with phenol and certain aromatic acids during the water chlorination process has been demonstrated to produce TCP.'4.5' Voudrias et found that TCP was produced when hypochlorous acid reacted with a commonly used herbicide, 2,4-dichlorophenoxyacetic acid (2.4-D), during water purification. Additionally, TCP may be formed by microbial transformation of chlorobenzene") and during the metabolism of lindane,".s) a pesticide sometimes found in ground water. Pollution of the environment with TCP has been of considerable concern, since it has been found in river water samples, finished drinking water, chemical plant effluent water samples, and sewage treatment plant effluent^.'^' TCP has been found in trout after experimental exposure to sulfate pulp bleachery effluents diluted with brackish water."" TCP is a solid at room temperature and is typically found as yellow flakes or rhombic needles, with a strong phenolic odor. It has a melting point of 69°C and boiling point of 246°C."' TCP is stable up to its boiling point. It is nearly insoluble in water (<O. 1 gill0 g water), but is soluble in many organic solvents. including acetone, ether, carbon tetrachloride. pine oil, alcohols, and toluene.
While the acute intrapleural toxicity (LD,,) of TCP has been reported as 276 mgikg body weight,"') data pertaining to acute oral toxicity are limited. Carlson"*'did not encounter deaths from an acute oral exposure of400 mgikg per day, the only dose level used in a metabolism study. In a reproductive toxicity study, no toxicity was observed after I I-weeks exposure of male rats via gavage at 500 mg/kg per day, although deaths and decreased weight gain were found at loo0 mg/kg per day.(i3) In a 7-week prechronic toxicity study to determine dose levels for a chronic study, deaths and decreased weight gain were observed in rats at 1075 mgikg per day and above but not at 735 mgikg per day.(*) In that study, histopathology was seen at 2300 mg/kg per day and consisted of splenic hematopoiesis and midzonal vacuolation of hepatoctyes. Neither of those studies were designed to evaluate in-depth the subchronic toxicity of TCP.
The purpose of this study was to undertake such an evaluation with TCP administered orally for a 90-day period. Due to its low solubility in water, it was necessary to utilize a lipophilic vehicle to administer the TCP. It is a standard practice in such toxicity studies to use corn oil as the diluent in intubation studies. Concurrent controls received the maximum amount of the corn oil diluent used.
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Test chemical
The TCP used in the study was reported to be 98% pure by the supplier, Pfaltz & Bauer, Inc. Subsequent analysis by the EPA laboratory revealed that the bulk material was actually 99.8% pure with the only impurity identified as dichlorophenol(O.28). Based on this assay, no adjustment was made for purity. Dosing solutions were prepared weekly with corn oil (Schenck's Food Company) as the vehicle and stored at room temperature.
Animals and maintenance
Male and female caesarian-derived Sprague-Dawley rats, confirmed free of viral antibodies, bacteria, and parasites, were obtained from Charles River Laboratories, Inc., Raleigh, NC. They were approximately 4 weeks of age on amval, acclimatized for 3 weeks, and started on test at 49 days of age. The mean group weights at the beginning of the 90-day treatment ranged from 177.6 to 181.8 g for the female groups, while the male rat groups ranged from 259.2 to 26 1.2 g. During the acclimatization period and for the duration of the study, the animals were housed individually in elevated wire mesh cages in a temperature-and humidity-controlled room on a 12-h lightdark cycle. The temperature was maintained at 72 '-+ 6°F. and the relative humidity was 50 t 20%. The rats were provided Purina Certified Chow 5002 (Ralston-PurinaCo., St. Louis, MO) and tap water ad libitum. Animals were identified by tail tattoos. Cages were identified with a color-coded identification card listing the animals in the cage and the treatment group.
Experimental design
After acclimatization, rats were assigned to eight groups according to a computer-generated set of random numbers. A group consisted of 10 males or 10 females, at treatment levels of 0 (controls), 80, 240, or 720 mg TCPikg per day. These doses were selected following a review of the data obtained in an 1 I-week reproduction SUBCHRONIC TOXICITY STUDIES OF 2.4.6-TRICHLOROPHENOL study involving dose levels of 100. 500. and I000 mglkgiday."" The TCP in the study reported here was administered in 2 ml corn oil per kg body weight by gavage daily for 90 consecutive days. Individual animal dosages were determined daily based on each animal's body weight.
Clinical observations were conducted daily for physiological and behavioral responses and other overt signs of toxicity. Mortality and morbidity checks were made twice daily. Body weights were recorded prior to randomization, at initiation of dosing, at the end of the first week, and weekly thereafter. At the time of the weekly weighing. the animals were carefully examined to detect any abnormal changes of the skin and fur, eyes or systemic organ systems. A final body weight was measured at necropsy. The animals were fasted overnight prior to sacrifice.
Food consumption was measured weekly. Since eye imtation had been observed in other toxicity studies of TCP, ophthalmoscopic examination of dilated pupils was performed twice in the study, once prior to treatment and during the last week of the study. Hematology, blood chemistries. and urinalysis were conducted at sacrifice. The urine was collected during an overnight fasting period.
Prior to sacrifice, the animals were anesthetized with sodium pentobarbital and t%o blood samples were collected via the orbital sinus for hematological and serum clinical chemistry evaluations. Hematology samples were evaluated using a Coulter Counter for erythrocyte count (RBC). leukocyte count (WBC), corrected leukocyte count, hemoglobin. hematocrit. and platelet count. A differential analysis of leukocytes was performed for segmented neutrophils, lymphocytes. monocytes. eosinophils, and other types of WBCs.
The following serum clinical chemistry determinations were performed: sodium, potassium, total protein, albumin. calcium. total bilirubin. creatinine, aspartate aminotransferase ( AST). serum alanine aminotransfer,dse (ALT), alkaline phosphatase. lactate dehydrogenase (LDH). and blood urea nitrogen (BUN). Urinalysis consisted of measurements for pH. glucose. protein. bilirubin. occult blood, and urobilinogen.
All animals were necropsied in the same sequence as the blood collection. The method of euthanasia was exsanguination after the animals had been anesthetized with sodium pentobarbital. Necropsy included gr'oss examination of the animal's external surface; all orifices: the carcass; external surface of the brain, the cranial, thoracic. abdominal. and pelvic cavities and their viscera; and cervical tissues and organs. The liver. kidneys, spleen. adrenal glands. thymus. brain (including the brain stem). heart, lungs. and gonads (ovaries or testes with epididymides) were weighed.
Tissues from approximately 40 organs, along with gross lesions. were collected at necropsy and preserved in 10% neutral buffered formalin. Of these, selected tissues and the gross lesions were trimmed. processed, embedded in paraffin, sectioned and slides were prepared and stained with hematoxylin and eosin. These select tissues were microscopically examined from all animals in the high-dose groups and from five randomly selected animals per sex of the control groups.
The tissues microscopically examined were: adrenals, thyroid, esophaguh, trachea. larynx, heart, spleen. liver, kidneys. stomach, duodenum, jejunum, colon, pancreas. and gross lesions (except enlarged mandibular lymph nodes).
All prepared slides were examined by a board-certified veterinary pathologist. The inflammatory and degenerative lesions were graded according to severity of the condition and the data were tabulated according to individual animal and summarized by group. The gross observations and microscopic diagnoses were correlated for each animal.
Statistical evaluation
Tests for homogeneity of variances and analysis of variance (ANOVA) were evaluated at the 5 8 one-tailed probability level. Control versus treated group means were evaluated using Dunnett's t-test at the 5 8 two-tailed probability level. When variances were heterogeneous. data transformations were performed to deterniine significant differences between the treated and control groups.
RESULTS
Mortality
No animals died during the study. BERCZ Food consumption 19 .2 ? 2.42 to 20.3 t 2.52 giday for females and 26.0 ? 2.53 to 26.6 k 2.29 giday for males.
No statistically significant (p < 0.05) differences were found for food consumption; consumption ranged from
Clinical signs
The most frequently observed clinical signs were alopecia, salivation, and urine staining of the fur. The alopecia, of unknown etiology, occurred in most cases on the legs and paws, in all male groups, including controls, and in the low-and high-dose female groups (but not the mid-dose group). Since the condition was observed in the controls and there was no dose relationship, it was concluded that the alopecia was not treatment related. Urine-stained fur was observed in the high-dose males (3/10) and in the two highest dose female groups (2110 and 4/10, respectively), but not in the lower dose levels or controls. Salivation occurred soon after dosing during the first two weeks of the study in approximately 50% of the high-dose animals. After this, only occasional salivation occurred. Salivation was not observed in the lower dose groups nor in the controls. Thus urine staining of the fur and salivation appear to be related to TCP treatment.
Ophthalmoscopic examinations
At the initiation of the study, no ophthalmological abnormalities were observed. However, the ophthalmoscopic examination during the 13th week revealed that several animals had uni-or bilateral multifocal retinopathy. The incidence of this condition was greater in TCP-treated male groups (8130 vs. Oil0 in the controls) but in an equal percentage of females (6/30 vs. 2/10). The incidences in males was dispersed across all treated groups with no dose-dependent relationship in either males or females. The condition was therefore not considered related to the TCP treatment.
Body and organ weights
No statistically significant differences were observed in the final body weights, which ranged from 305.0 t 24.9 to 324.0 i 28.1 g for female groups and 540.8 i 35.6 to 580.0 i 33.9 g for male groups. As shown in Tables 1 and 2, statistically significant (p C 0.05) increases in organ weights were observed for: absolute weight of the adrenal glands in all treated female groups, relative weights of the adrenal glands in the high-dose females, and absolute and relative weights of the kidneys in the high-dose males. The absolute and relative liver weights were also increased in all treated groups in a dose-related manner, statistically significant (p 0.05) in the two highest dose male and female groups. Relative testes weight was increased in high-dose males. The absolute weights of the other organs in treated animals were comparable to those of the controls. It is noteworthy that the changes in organ weights of the treated groups were increased in all cases.
Hematology
No statistically significant changes were seen for any of the hematology parameters (data not shown).
Clinical cht istry
Serum clinical chemistry results are presented in Table 3 . Significant (p G 0.05) increases were observed for total protein in the high-dose males, albumin for the two high-dose male and the high-dose female groups, and ALT in high-dose males. A decrease in blood urea nitrogen was seen in the high-dose females; however, the levels at the mid dose were slightly elevated and thus the decrease in BUN in the high-dose group was considered spurious. The toxicological significance of the increase in ALT is unclear, since only three of the high-dose animals had values that were higher than the highest value in the control group. The increase in albumin and total protein in the serum could suggest either a change in the hydration status of the animals or altered hepatic function.
Urinalysis
A dose-related decrease in pH was found in both female and male dosed groups. This was especially evident at the high-dose groups in which the pH values were considerably lower (6.05 vs. 6.55 in the female controls and 6.15 vs. 6.95 in the male controls). All other urinalysis results were comparable in TCP and control groups. Parameters (X * SD): All measurements expressed as grams aAdministered in corn oil. bMeasurements on 9 animals. 'Statistically different (p I 0.05) from controls.
Gross pathology
Only a few gross lesions were seen at terminal sacrifice and most were represented by a single occurrence per group. Exceptions to this were the presence of dark areas and pitted inucosa of the glandular portion ofthe stomach which were seen in approximately 50% of animals in all groups, including controls. A distended cecum was found in four of the high-dose males but not in any other males or females. The findings in the stomach are common in rats following fasting and are not considered treatment-related. The relationship of distention of the cecum to TCP treatment is not clear.
Histopathology
An extremely small number of lesions were observed and no differences were detected between control and conipound-treated animals. All findings were considered incidental and unrelated to compound treatment. A slight BERCZ hut nonsignificant increase in the incidence of stomach erosion occurred with 5 of 10 animals in the high-dose female group and 2 of 10 in high-dose male group versus 2 of 5 in female controls and 0 of 5 in the male control group. Table 4 provides the incidences for lesions that occurred in more than one animal and also lists singularly occurring lesions.
DISCUSSION
TCP was administered by gavage daily to male and female Sprague-Dawley rats at doses of 0,80,240, and 720 mgikgiday for 90 consecutive days. Parameters measured were mortality, clinical signs, body weights, food consumption, ophthalmology, hematology, clinical chemistry, urinalysis, organ weights, organ-to-body weight ratios, gross pathology, and histopathology. No significant effects were observed for mortality, body weight, food consumption, ophthalmology, hematology, gross pathology, or histopathology in either gender. aLesions are listed only if they were diagnosed in more than one animal. bMicroscopic examinations were performedon all 10 animals in the high-dose groups and on 5 of each control group.
CSingularly-occurring lesions were as follows: seen in females at the low-dose level, this did not occur at the higher dose levels or in males; it is thus considered a spurious observation and not treatment related. No toxic effects were observed at 80 mgikg per day.
No other standard 90-day subchronic tests for TCP toxicity have been reported in the literature. However, in a range-finding study sponsored by the National Cancer Institute (NCI), TCP was fed ad libitum to rats and mice for 7 weeks at dose levels of 10,000 to 46,000 ppm (735-2,300 mgikgiday).(*) Splenic hematopoiesis and midzonal vacuolation of hepatocytes were seen at 46,000 ppm (2300 mgikglday). No histopathology was seen at the lower doses. Even in the absence of histopathology, mortality occurred at 21,500 ppm (1075 mgikgiday) in male rats and at 31 SO0 ppm in female rats. gavaged male rats for 11 weeks with TCP in corn oil on a 5 dayiweek schedule at doses of 0, 100, 500, and 1000 mglkg per day. Treatment-related reduction in weight gain and deaths occurred at 1000 mgikg per day. No other indication of toxicity was noted and the only consistent clinical observation was urogenital staining in all TCP-treated groups. Similar results were obtained for the female rats exposed via the same protocol although the exposure period was shorter, approximately 5 weeks (2 weeks prior to mating and for the 21-day gestation period). No target organs were identified in that study, including effects on the male or female reproductive systems. Thus, lo00 mg/kg per day was a lowest observed adverse effect level (LOAEL) for a 5to 1 I-week gavage of rats with TCP in corn oil.
The results of the NCI 7-week study and Blackburn's 11-week study are consistent with the results of the study reported here. It is clear that a dosage level of about lo00 mgikglday will cause lethality in rats whereas dosages of 240-720 mgikg per day induces biochemical and organ weight changes without evidence of histopathology lesions.
In the NCI carcinogen bioassay,(*) TCP was found to be carcinogenic in both rats and mice when administered in the feed for approximately two years. The dose levels used were 5000 and 10, OOO pprn for F344 rats and male B6C3Fl mice and to a time-weighted average of 5214 and 10,428 ppm for female B6C3F1 mice. TCP induced lymphomas and monocytic leukemia in male rats and hepatocellular carcinomas or adenomas in both male and In a reproductive toxicity study with rats, Blackburn et SUBCHRONIC TOXICITY STUDIES OF 2,4.6-TRICHLOROPHENOL female mice, In addition to the tumor induction, bone marrow hyperplasia and leukocytosis were observed along with increased chronic inflammation of the kidneys and liver in both sexes.
Based primarily on the results of the NCI test, the International Agency for Research on Cancer has classified TCP as a 2B carcinogen. that is. "probably carcinogenic to humans."' 1 4 . ' 3 Several epidemiology studies have shown an increased risk for soft tissue sarcoma associated with exposure to chlorophenols."6'
The results of this current study suggest that the liver and perhaps the kidneys and adrenal glands are the main target organs for protracted exposure to TCP. Indeed, the NCI bioassay confirms that the liver is a target for carcinogenicity along with the hematopoietic system. According to Pekari et al. ,'"I TCP distributes in highest concentrations to the kidney, blood, and liver. About 80% of the TCP is probably conjugated with glucuronic acid. The main toxic effect of TCP appears to be to the liver cells, by uncoupling the oxidative phosphorylation of hepatocellular mitochondria and the inhibition of cytochrome P450-dependent mixed-function oxidases.' '*,'"
In this study. it is concluded that the liver, kidney, and adrenal glands were target organs for the systemic toxici1.y to TCP, based on the blood chemistries, urinalysis, and organ weight data. Since toxicity was observed at 720 and 240 mgikg per day, the LOAEL is 240 mgikg per day while the NOAEL was 80 mgikg per day for subchronic exposure to TCP by the oral route.
